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COMPLETE SPECIFICATION 
Improvement in Coupling Arrangements for Electrical Resonators 



We, Babio Cobpoeation of Ambkioa, 
a corporation organised under the laws of 
the State of Delaware, United States of 
America, of 30 Bockefeller Plaza, New 
6 York, United States of America, assignees 
of E.0BEK.T Lamb Spbotjll, of Fisher Place, 
Princeton, Mercer County, New Jersey, 
United States of America, a citizen of the 
United States of America, do hereby declare 

10 the nature of this invention and in what 
manner the same is to be performed, to 
be particularly described and ascertained 
in and by the following statement : — 
This invention relates to resonator 

15 arrangements for use on very high fre- 
quencies and has for its main object to 
provide improved vai^iable- coupling wide- 
frequency-band tunable microwave reson- 
ators of the type utilizing a movable piston - 

20 like member (hereinafter termed simply a 
piston) for adjustment purposes. 

It is customary to utilize adjustably 
tuned microwave resonators as frequency 
controlling or filter elements in microwave 

25 generators, mixers and transmission 
systems and the like. The resonant fre- 
quency of such microwave resonators may 
be varied by longitudinal adjustment of a 
conductive piston enclosed within the 

30 resonator shell. Well known methods of 
couplmg into or out of such adjustable 
resonators include the use of microwave 
probe elements, coupling loops and adjust- 
able apertTire devices, depending upon the 

35 characteristics of the ch^cuit to which the 
resonator is coupled. It is frequently 
advantageous to be able to vary the degree 
of coupling between an external circuit and 
the microwave resonator as the resonator 

40 is tuned through its useful frequency band. 
In particular, in reflex oscillators of the 
type including an electron reflecting elect- 
rode, it is often desirable that the coupling 
coeflicient between the oscillator and the 

45 load circuit shall remain substantially 
constant or decrease as the oscillator 
frequency is increased. A conventional 
coupling loop, probe or aperture device 



50 



coupled into the oscillator cavity norrdaUy 
will provide an increased coupling co- 
efficient as the frequency is increased, 
thereby providing non-linear loading of the 
oscillator over its useful frequency range. 

In our patent specification No. 5727/47 
we have described microwave hollow 55 
resonator arrangements wherein the fre- 
quency of the resonators is varied by 
longitudinal adjustment of a piston opera- 
tive therein, and wherein the effective 
length of a coupling probe, or the angular 60 
displacement of a coupling loop, or the 
effective opening of an aperture device is 
simultaneously adjusted by movement of 
the tuning piston. The specification in 
question describes means for tuning a 65 
microwave resonator and simultaneously 
adjusting the coupling thereto from an . 
external coaxial line or waveguide. 

The present invention provides a 
variable-coupling wide-frequency -band 70 
microwave coaxial line resonator including 
a movable piston having an aperture 
therein disposed within and between the 
resonator conductors. A coupling loop of 
uniform cross- section terminates a coaxial 
line connected to an external device. The 
loop extends through the resonator and 
through the aperture in the tuning piston. 
Longitudinal adjustment of the tuning 
piston thus controls the resonator frequency 80 
and the coupling coefficient of the loop in 
opposite sense. Since there is no contact 
between the loop and the movable piston, 
the commonly erratic characteristics of 
movable contacts at microwave frequencies 85 
is eliminated so far as coupling is concerned. 
A modification of the invention utilizes a 
coupling loop having a tapered form 
whereby the coupling coefficient may be 
caused to change in accordance with a 90 
predetermined non-linear function of the 
resonant frequency of the resonator. 

The invention is illustrated in and 
fm'ther described with reference to the 
accompanying drawings in which Figure 1 95 
is a cross-sectional elevational view of one 
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embodiment of the invention ; Figure 2 is 
a plan, partially cross-sectional view along 
the section line II— II of the device shown 
m Figure 1 ; and Figure 3 is a cross- 
o sectional, elevational view of a second 
embodiment of the invention. Similar 
reference characters are applied to similar 
elements throughout the drawing. 

Referring to Figures 1 and 2 the micro- 
10 wave resonator, arrangement therein shown 
includes inner and outer coaxially disposed 
conductors 1, 3, wherein the outer con- 
ductor includes a closed end portion 5. 
The resonator is tuned by means of a 
15 longitudinally adjustable piston 7 having 
an aperture 9 disposed therein in the region 
between the inner and outer coaxial line 
conductors. The longitudinal adjustment 
of the piston 7 may be effected by means of 
20 actuator bars 10 connected to any desired 
type of actuating mechanism not shown. 
The piston 7 includes a pair of approx- 
imately cylindrical slotted spring contact 
elements 11, 13, which contact the outer 
25 and inner resonator conductors, respec- 
tively, to insure uniform electrical contact 
with the piston. 

A second coaxial line having an outer 
conductor 15 and an inner conductor 17 is 
30 terminated within the tunable resonator by 
means of a *'hairpin" coupling loop 19. 
The coupUng loop 19 extends through the 
part of the structure between the end face 
6 and the tuning piston 7 and also extends 
35 through the aperture 9 in the tuning piston 

Thus, as the resonant frequency of the 
resonator 1 is changed by advancement of 
the piston face toward the end resonator 
40 waU 5, the lengths of the couphng loop 
exposed to the resonator cavity are changed 
thereby tending to change the coupling 
between the resonator and the external 
coaxial line 16, 17. The coupling from the 
45 masked portion of the loop through the 
aperture 9 to the resonator cavity is 
practically negligible. Depending upon 
the circuit parameters, the coupling co- 
efficient to an external circuit, not shown, 
60 may be maintained substantially constant 
throughout the useful frequency range of 
the resonator, or the couphng coefficient 
may be reduced as the frequency is 
increased. Since the loop does not make 
66 contact^ with the movable piston and is 
fixed with respect to the resonator walls, 
erratic operation due to varying contact 
resistances is minimized. 

The device illustrated in Figure 3 is 
60 similar to that of Figures 1 and 2, except 
that the coupling loop 19^ is of pre- 
determined non-linear form so that longi- 
tudinal adjustment of the tuning piston 7 
varies the coupling coefficient of the 
66 coupling loop 19^ according to a pre- 



determmed desired non-Unear function of 
the operating frequency of the resonator. 
Ihe shape of the coupling loop 19^ may be 
varied in accordance with the desired 
coupling coefficient characteristic to pro- 70 
vide either constant couphng or variable 
coupling m opposite sense to the variation 
of the resonant frequency of the resonator 
as the piston position is adjusted. 

Apparatus in accordance with this 75 
invention may be employed as either 
output or input coupling elements for 
associated cu^cuits and for simultaneous or 
separate control of a pluraUty of such 
couplmg elements may be provided for a 80 
single resonator or for a plurahty of 
resonators. By proper proportioning of 
the adjustable resonator and the associated 
couphng loop or loops, the couphng co- 
etticient to external ckcuits may be 85 
maintained substantially constant or varied 
in opposite sense to the adjustment of the 
resonator frequency. 

Thus, the invention provides wide- 
frequency-band coaxial microwave reson- 90 
ators having tuning andfrequency variation 
by adjustment of a tuning piston and 
wherein piston adjustment provides desired 
control of the couphng coefficient between 
said resonator and an external circuit. 95 

Having now particularly described and . 
ascertained the nature of our said invention 
and m what manner the same is to be 
performed, we declare that what we claim 
* . 100 

1. A wide-band microwave resonator 
arrangement including a coaxial hue 
section, a movable piston for varying the 
tuning thereof, and a coupling element, 
wherein the piston is provided with an 106 
aperture therein through which the coup- 
ling element extends into said resonator, 
the arrangement being such that movement 
ot the piston to vary the resonant frequency 
ot the resonator sknultaneously varies the 110 
effective length of the element exposed to 
the field within the resonator so as to varv 
couphng coefficient of said element to said 
resonator m an opposite sense to the varia- 
tion m frequency. • 2,1^ 

2. A wide band microwave resonator 
arrangement including a coaxial hue 
section, a movable piston for varvinff the 
tumng thereof, and a coupling element, 
wherem the piston is provided with an 120 
aperture therein through which the coup- 
ling element extends into said resonator, 
the arrangement being such that movement 
ot the piston to vary the resonant frequency 
ot the resonator simultaneously varies the 126 
effective length of the element exposed to 
the field within the resonator so as to 
produce substantially no variation in the 
couphng coefficient of the coupling ehnente 
to the resonator. jj^q 
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3. A resonator as claimed in either of 
the preceding claims wherein the coupling 
element is a coupling loop. 

4. A resonator as claimed in claim 3, 
5 wherein the width of the coupling loop is 

constant throughout the length of it which 
extends through said aperture into said 
resonator. 

5. A resonator as claimed in claim 3, 
10 wherein the width of the coupling loop 

varies in a predetermined manner through- 
out the length of it which extends through 



said aperture into sai& resonator, for the 
purpose stated. 

6. Adjustable microwave resonator 
arrangements substantially as herein des- 
cribed and illustrated in the accompanying 
drawings. 

Dated this 21st day of February, 1947 
CARPMAELS & BANSFORD, 
Agents for Applicants, 
24, Southampton Buildings, 
Chancery Lane, London, W.0.2. 
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